Nutrition intervention is an integral part of type 2 diabetes care. Dietary management entails a series of eating behavior changes regarding meal planning, food selection, food preparation, dinning out, portion control, as well as appropriate responses to eating challenges. Diabetic patients encounter several difficulties in complying with the dietary regime. They exhibit restrictive eating behaviors, they express feelings of dietary deprivation, and rigid dietary control is perceived as the only way to a proper diet and weight management. However, pressure to conform to nutritional recommendations may render diabetics more prone to dietary under-reporting. Binge eating, restraint and body dissatisfaction frequently occur among these patients. Health professionals, therefore, need to take into account these difficulties in their collaboration with the patients in order to improve the effectiveness of nutrition intervention.
Introduction
he prevalence of type 2 diabetes mellitus is increasing worldwide [1] . Nutritional intervention is an integral part of diabetes management and self-care education, aiming at the attainment and maintenance of optimal metabolic outcomes, the prevention and treatment of medical complications, and the improvement of general health by addressing individual nutritional needs [2] . Diabetic people are routinely advised to adopt a healthful diet; dietary changes include modifications in food habits and meal patterns on a lifelong basis. However, a significant proportion of patients remain poorly controlled [3] [4] [5] [6] [7] . Diet, a lifestyle behavior, has been reported as a management domain with very low compliance among diabetics [8] [9] [10] . Results from cross-sectional studies indicate low adherence to the dietary recommendations for macronutrient intake and fruit and vegetable consumption [9, [11] [12] [13] . Furthermore, compared to non-diabetics, diabetic patients were less devoted to the Mediterranean diet, which is rich in vegetables, fruits, fish, cereals and olive oil [14] . There is also some evidence indicating that they are less successful in maintaining long-term weight loss than people without diabetes [15] , a parameter that predisposes them to poorer metabolic control. On the other hand, Gauthier-Chelle et al. support the hypothesis that, even if their diets are far from the official recommendations, self-declared diabetic patients try to modify their dietary habits [16] . It could be that their efforts are not in the appropriate directions or that they receive confusing and contradictory advice from a variety of sources (health professionals, media, social contacts). In this case, diabetes education requires the standardized training of health professionals and a provision of unequivocal information. Yet is this enough to improve the eating habits of diabetics or should we also take more parameters into account that affect food consumption?
The overall act of eating not only includes nutrient and food intake, but also eating behavior in relation to preference, selection and consumption of food. As Anderson and Funnell interestingly pointed out, unlike the treatment of acute illnesses, the most important choices affecting the health and well-being of people with diabetes are made by themselves, and not by their physician or any other health professional [17] . Every day they need to make a series of choices with regards to eating and physical activity that are very important in regulating their blood glucose levels and overall health. An understanding of their eating behavior, as well as of the factors affecting dietary choices and underlying experiences, would help to increase the effectiveness of lifestyle education by identifying weaknesses in dietary practices and targeting specific areas for improvement. It may also help to diminish the frequently mentioned gap between knowledge of appropriate nutrition in type 2 diabetes and its application in everyday life.
What determines the eating behaviors of type 2 diabetic patients?
Little of human food choice and intake on a daily basis is directly determined by the chemical composition of foods and the physiological characteristics of the individual; it is very much influenced by events occurring around and between these factors, perceptions, beliefs and responses to cues. There are global rules that operate on human eating behavior; food choice and intake reflect food availability, existing eating habits but also learning mechanisms, and individual beliefs and expectations, i.e. cognitive influences and meanings [18] . Context largely influences food intake and diet content; it would, thus, be interesting to identify eating behaviors related to food choice in diabetic patients or to glycemic control and explore their importance and contribution. Still, data in this area are very scarce.
Savoca and Miller identified personal dimensions, behavioral patterns and environmental characteristics affecting the food consumption and eating patterns of people with type 2 diabetes [19] . Eating history, including food selection, weight control efforts, emotional eating and overeating, along with nutrition-related knowledge, influence daily diabetes management with regards to meal planning, food selection and preparation, but also behavioral responses to diet challenges, such as eating favorite foods, weight management, portion control and dinning out. Mediating variables that impede or facilitate self-dietary care of diabetes may include the level of social support, the degree of self-efficacy and the individual's time management skills.
Eating behaviors were also evaluated in relation to glycemic control [20] . A healthful eating lifestyle resulted in low HbA1c levels and was positively related to specific food habits, i.e. limiting the amount of highsugar foods and portion sizes, eating only an occasional dessert, reducing high-fat foods, eating low-fat foods, eating regularly, planning meals, eating large amounts of vegetables, limiting specific carbohydrate. In contrast, it was negatively related to eating at buffets, fast-food and large-chain restaurants, choosing high-fat menu selections and eating high-fat sources of protein. Deviations in prescribed eating patterns, particularly breakfast skipping and snack additions and deletions, were also associated with poor metabolic control [21] .
The adoption of new food habits is not an easily achieved goal. Diabetic patients encounter several educational, environmental, psychological and lifestyle difficulties in modifying their lives to accommodate disease management [22] . Barriers to dietary adherence include complications with daily life (eating out, social events) and temptations, need for food planning, need for constant self-care, denial of the severity of the disease, poor understanding of diet-disease associations, misinformation, lack of appropriate social support and time constraints (Figure 1 ) [23] [24] [25] [26] . Patients also encounter troubles following food exchange systems and express their need for revised dietary strategies that would incorporate appropriate education on how to make healthy food choices [26] .
Moreover, diabetic patients report difficulties in complying with the dietary regime due to several associated meanings and negative emotions, such as the loss of pleasure in eating, autonomy and freedom [27] . Food ingestion is frequently accompanied by feelings of fear, guilt and anger, whereas diet compliance elicits aversive and restrictive attitudes. Thoughts of dietary deprivation have also been reported [25, 28] . Patients perceive dietary recommendations as restraining and not adapted to individual needs. Interestingly, the more "restrictive" or rigid eating practices, such as eliminating sugar, limiting carbohydrate-containing foods and decreasing total dietary fat, were far more frequently described by diabetics as an important part of diabetes dietary management compared with the more flexible eating patterns of portion control and regular eating [19] . No research so far has addressed the issue as to whether patients themselves selectively "prefer" restrictive eating practices, or whether in fact it is the health professionals who fail to promote a flexible control of eating habits, particularly during the first stages of dietary management. However, a rigid control of eating behavior contributes to a higher susceptibility to eating problems, while flexible control may be a less vulnerable method of weight management [29] . One could further hypothesize that the latter may also promote a more long-term glycemic control in diabetic patients (Figure 1 ). These aspects of eating behavior related to disordered eating symptoms are also discussed below.
Under-reporting as a consequence of poor dietary adherence and eating behavior
Evaluating a patient's food intake is a laborintensive and time-consuming task, which may also be compromised and biased by the presence of underreporting. Relevant literature reveals a variable degree of under-reporting in total energy and individual food and nutrient intakes, ranging from 10% to 88%, depending on the population studied and the method used [30] . It can be explained by under-recording (omission of recording some of the food consumed) and/or under-eating (reduction of food intake during the study period). Whatever its origin, dietary underreporting prevails among women, older persons, and overweight individuals; there is much inconsistency regarding the effect of several other socioeconomic, demographic, lifestyle and behavioural parameters [31] . Interestingly, high under-reporting rates have been found among patients with type 2 diabetes [32, 33] . In particular, SamuelHodge et al. concluded that, because diabetic under-reporters actually reported diets closely matching the currently recommended diet for diabetes, it seems plausible that they were more likely to report what they should be eating rather than what they were eating [33] . Diabetic patients usually receive extensive information on food; they become more familiar with portion sizes and try to monitor their dietary intake in order to achieve glycemic control. In spite of an apparently increased awareness about their dietary intake, the opposite is observed in practice. One could hypothesize that the perceived pressure to change eating patterns and adopt a healthy diet may prompt them to intentionally omit reporting some food or food groups that do not conform to the nutrition recommendations (Figure 1 ). In support of this theory we found that diabetic patients are also more likely than healthy ones to under-report their obesity status [34] . Individuals encountering health problems where increased body weight is a significant risk factor may tend to underrecord their BMI as a defensive mechanism. Pressure to lose weight and lack of appropriate medical guidance to do so could result in an indifference to, or concealment of, the weight problem. 
Disordered eating behavior of type 2 diabetic patients
Numerous studies have found an increased prevalence of eating disorders and eating disorder symptoms in type 1 diabetic patients [35] [36] [37] [38] ; however, few reports exist regarding type 2 diabetic patients. Most of them have focused on binge eating disorder (BED), due to its association with obesity, a condition that predisposes to type 2 diabetes. The results of these studies indicate that, in general, the prevalence of BED in diabetic patients is higher than in the general community but similar to, or even lower than, in weight control samples, ranging from 2.5% to 25.6% [39] [40] [41] [42] [43] . The diversity in prevalence rates found in different studies may be attributed to the variety of assessment methods and the diagnostic criteria used, as well as to differences in prevalence rates across countries. Higher rates, though, are observed for binge eating, if one moves from the typical BED to a subclinical condition or an eating disorder symptom [40, 41] .
Is binge eating related to the development of type 2 diabetes or is it diabetes that predisposes patients to develop binge eating symptomatology? Despite the fact that the studies having addressed this issue were cross-sectional in their design, most findings support the idea that the likely sequence is that of binge eating increasing body weight and, hence, becoming a risk factor for the development of type 2 diabetes [40, 41, 43] . The typical age of diabetes onset is much higher than that of eating disorders; therefore, it is unlikely that diabetes constitutes a risk factor for eating disorders; the opposite is more probable. Nonetheless, binge eating is not simply a covariate of overweight. Kenardy et al. found that both bingeing and obesity contribute conjointly to diabetes onset and represent independent risk factors [41] . Weight and dieting history may also affect the age of diagnosis of type 2 diabetes in susceptible individuals [44] .
Little evidence holds for an association between bingeing and diabetic control, as this was assessed in most studies by HbA1c levels. After accounting for the recognized risk factors of weight, exercise, alcohol consumption and smoking, bingeing was only moderately [41] or not associated with glycemic control [39, 43, 45] . This finding may be unexpected and contradictory to similar studies in insulin-dependent diabetic patients, where the relationship between clinically disordered eating and worsened glycemic control is clear [38, 39] . Crow et al. suggested that binge eating behavior might exert little effect on weight control compared with purging behaviors like insulin omission [39] .
With regards to other eating disturbances, diabetic patients showed higher scores on the Restraint Scale than obese non-diabetic patients, a difference that remained significant even after adjusting for age and BMI [40] . Furthermore, the higher the weight of diabetic patients the higher the level of eating and body awareness on psychological distress [41, 42] . In a follow-up study that examined eating disorder-related symptoms in type 2 diabetic patients after a 2-year period, the "drive for thinness" and the "body dissatisfaction" were significantly increased [45] . The authors suggested that the dieting-bingeing sequence proposed by Herman and Polivy [46] may also be applied to diabetic, especially obese diabetic, patients. Besides the social pressure on obese people to lose weight and, thus, conform to the Western norms of beauty and wellness, diabetics are expected to lose weight for alleviating the symptoms of their disease. As weight control expectations increase, body satisfaction, a keystone of self-esteem, decreases, enhancing the vicious cycle of restraint eating and bingeing.
Conclusion: is there anything to be changed?
Diabetes management is primarily behavioral, involving daily medication taking, glucose testing, exercise and nutrition-related actions [47] . The adoption of a healthy and balanced diet requires a series of behavioral changes in eating patterns with regards to meal planning, food selection, food preparation, dinning out, portion control, as well as appropriate responses to eating challenges. Dietary changes need to be consistent and applied to all lifestyle aspects. Diabetic patients receive a great amount of information and become very much concerned about their food intake, as one of the important means for managing their disease state. Guidance to conform to dietary recommendations is not often accompanied by the respective attention to behavioral factors in helping diabetics to adhere to multifaceted and demanding dietary regimes. Therefore, they exhibit restrictive behaviors with regards to food intake, express feelings of dietary deprivation and are convinced that rigid dietary control is the only way to diet and weight management. Dietary intervention needs to take into account these issues in order to improve its effectiveness. Patients are expected to discover and explore their personal responsibilities, while health professionals should shift from the concepts of compliance and adherence to the concept of collaboration ( Figure 1 ) [17] .
Brief measures of eating behaviors, dietary satisfaction and obstacles to following a dietary plan should be www.The-RDS.org Rev Diabetic Stud (2006) 3: [11] [12] [13] [14] [15] [16] incorporated into the routine nutritional assessment of diabetic patients [48, 49] , next to the traditional dietary assessment methods. They could be used to tailor intervention and assess outcomes apart from the nutrient or food intake changes. With regards to the nutritional approaches, research evidence has shown that nutrition advice given in the form of a simple meal plan emphasizing guidelines for healthy food choices is equally effective in producing changes in glycemic control as the traditional exchange-based dietary regime [50] . Success in nutrition therapy lies in the food choices that are made.
Nutrition education strategies should, therefore, be re-organized around individually tailored achievable goals in eating behavior and sequenced manageable steps regarding every day food choices and responses to problematic eating circumstances. A non-dieting approach or guidance for a flexible control of eating could induce the desirable changes in eating behavior and, consequently, glycemic control, without the "side effects" of dietary rigid restriction. The latter might be one of the causes of low adherence to the diet among diabetic patients (Figure 1 ).
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